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SUMMARY 

This  paper  describes  the  procedures  used  by  the  Micrcweve  Integrated 
Circuit  Group  to  design  microstrip  and  stripline  bandpass  filters.  Design 
computer  programs  are  included  together  with  worked  examples.  Comparisons 
between  measured  and  theoretical  responses  for  a number  of  practical  filters 
are  given. 
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1 INTRODUCTION 

This  paper  describes  the  procedures  used  by  the  authors  in  the  design  of 
microstrip  and  stripiiue  bandpass  filters  for  microwave  frequencies. 

The  basic  objectives  of  this  work  were  to  (a)  explore  the  possibility  of 
using  thick  film  techniques  to  produce  microwave  components,  and  (b)  to  provide 
a customer  service  supplying  microwave  components  to  RAE  departments. 

The  thick  film  assessment  was  done  in  two  parts.  The  first  was  concerned 

with  an  investigation  into  thick  film  microstrip  losses  and  into  how  these  losses 

1 2 

are  affected  by  process  variables.  This  work  has  been  published  ' in  part  and 
• 3 

is  the  subject  of  an  RAE  report  which  is  in  preparation  at  the  present  time. 

The  second  part  of  the  thick  film  exercise  involved  the  design  and  manufacture 

. A 

of  a number  of  passive  components,  particularly  filters.  Two  forms  of  band- 
pass filter  were  investigated,  one  made  up  of  edge-coupled  half  wavelength 
resonators,  and  the  other  made  up  of  quarter  wavelength  short-circuited  stubs 
and  quarter  wavelength  connecting  lines.  Both  Tchebyscheff  and  Butterworth 
responses  were  used. 

While  this  work  was  taking  place  a number  of  stripline  bandpass  filters 
were  designed  for  RAE  customers.  These  were  made  using  high  quality  printed 
circuit  board. 

In  order  to  reduce  the  effort  devoted  to  the  repetitive  arithmetic 
essential  for  filter  design,  and  in  order  to  let  potential  customers  know 
promptly  if  their  requirements  are  feasible,  a number  ot  computer  programs  were 
written.  These  programs  are  included  in  the  following  report  together  with  an 
amended  version  of  an  existing  NASA  program^. 

Some  examples  of  practical  filters  are  presented,  and  a comparison  is  made 
between  measured  and  theoretical  responses.  In  general  good  agreement  has  been 
obtained. 

2 MICRO STRIP  AND  STRIPLINE 
2. I Microstrip 

6“*8 

Microstrip  transmission  line  is  well  reported  and  the  basic  structure 
is  shown  in  Fig.].  It  consists  of  a conducting  strip  of  width  W , and 
thickness  h , separated  from  a conducting  ground  plane  by  dielectric  material 
of  thickness  i , with  dielectric  constant  er. 
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Empirical  equations  are  given  below  which  relate  characteristic  impedance 

Zq  , and  velocity  ratio  (X  Aq)  , with  physical  dimensions  and  dielectric 

8 

constant  for  microstrip. 
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where  X 


for  W/H  < 0.6 

the  wavelength  in  the  line 
the  wavelength  in  air 


W and  H are  in  the  same  units. 


O) 


(2) 


(3) 


An  interactive  computer  program,  called  MICR,  which  is  written  in  JEAN  and 
can  be  used  to  produce  tables  of  Zq  and  velocity  ratio  for  various  line  widths, 
is  listed  in  computer  table  1.  A worked  example  is  given  in  Appendix  A. 

It  should  be  noted  that  no  account  is  taken  of  dispersion  (i.e.  change  in 
substrate  dielectric  constant  with  frequency),  and  for  the  most  accurate  design 
the  effective  dielectric  constant  at  the  frequency  of  interest  should  be  used. 

2.2  Stripline 

Stripline,  often  called  triplate,  is  a transmission  line  constructed  as 
shown  in  Fig. 2.  It  consists  of  a conducting  strip  at  the  centre  of  two  ground 
planes  with  the  remainder  of  the  volume  between  the  ground  planes  filled  with 
low  loss  dielectric  material. 


The  characteristic  impedance  Zq  , of  stripline  is  determined  entirely  by 

the  physical  dimensions  of  the  line  and  the  dielectric  constant  of  the  insulating 

9 

material.  A set  of  curves  , derived  by  Cohn  relating  the  characteristic 
impedance,  the  dielectric  constant  (cr)  of  the  dielectric  material  and  the 
dimensions  of  the  stripline  as  depicted  in  Fig. 2 are  reproduced  in  Fig. 3. 


068 


5 


Tables  of  Zn  for  given  dimensions  and  dielectric  material  may  also  be 

u . 10 

calculated  from  the  following  equations  to  give  results  sufficiently  accurate 
for  engineering  purposes. 


For  relatively  broad  strips,  where  w/(b  - t)  2*  0,35 

94.15 

Z » 7 rn r (4) 

0 „/b  Cf  \ 

v£^\T-  T7E  * OSSs^/ 

where  w « the  conductor  strip  width 

t =*  the  conductor  strip  thickness 
b *>  the  ground  plane  separation 
w,  t and  b are  in  the  same  units 


Cj  is  the  fringing  capacitance  in  pF/cm  from  one  corner  of  the  scrip 
to  the  adjacent  ground  plane  and  can  be  calculated  from: 


C ' 


0.0885c. 


(i  -Vb)  l08efr  -T7b  + ) ~[r^Ub  ‘ J)  loge(T~V/UT2  ~ ) 


For  relatively  narrow  strips  where  w/(b  - t)  < 0.35 

0 ^ 8g{t  ['  + ^ 0 + lo«e  ~r) + 0,51  (t/w)2]} 


pF/cm 

.r.(  5> 

ohm  . (6) 


This  equation  is  valid  for  t/w  < 0.11. 

The  velocity 
case,  is  given  by: 


The  velocity  ratio,  which  is  independent  of  frequency  and  Z^  in  this 


velocity  ratio  = 


(7) 


A simple  computer  program,  which  can  be  used  to  produce  tables  relating 
strip  width  and  characteristic  impedance  for  given  materials,  is  listed  in 
computer  table  2.  The  program,  called  STR.3,  uses  equations  (4),  (5),  (6)  and 
(7)  and  is  written  in  JEAN  for  interac" ivc  use.  A worked  example  is  given  in 
Appe  .dix  B. 
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3 BANDPASS  KILTER  CONSIDERATIONS 

3. 1 General 

Before  designing  a bandpass  filter  its  response  must  be  clearly  defined. 

Fig. A shows  a typical  Butterworth,  maximally  flat,  frequency  response 
for  a bandpass  filter.  In  order  to  define  the  specification  for  such  a filter 
using  these  programs,  the  following  details  are  needed: 

(i)  the  pass  band  edges  fj  , f 2 as  defined  by  the  3d3  points,  or 

the  centre  frequency  fg  and  the  bandwidth  Af  ; 

(ii)  a rejection,  A,  in  dB,  at  some  frequency  f , outside  of  the 
pass  band. 

In  the  case  of  a filter  with  a Tchebyscheff , equal-ripple  response  (see 
Fig. 5)  the  details  listed  below  must  be  known  to  define  the  specification: 

(i)  the  maximum  ripple  R in  dB  which  can  be  tolerated  in  the 
pass  band; 

(ii)  the  pass  band  edges  fj  , f 2 as  defined  by  the  ripple  value,  or 

the  centre  frequency  £q  and  the  bandwidth  Af  . 

(iii ) an  attenuation,  Af  , in  dB  at  some  frequency,  f^  , outside  of 
the  pass  band. 

With  thie  information  it  is  possible  to  determine  the  number  of  sections 
N , required  to  meet  the  specification,  and  also  to  obtain  a theoretical 
response  curve  (assuming  no  losses)  for  the  filter.  A computer  program, 

called  PLOTBP,  has  been  written  for  interactive  use  in  BASIC,  to  determine  N 

and  give  theoretical  frequency-transducer  gain  plots  for  either  Butterworth  or 
Tchebyscheff  responses.  The  program  is  listed  in  computer  table  3 and  a worked 
example  is  given  in  Appendix  C. 

The  lowpass  to  bandpass  mappings  used  in  the  program  are  given  in  Ref. A. 

In  order  to  complete  a specification  for  a practical  filter,  it  is 
necessary  to  specify  the  system  characteristic  impedance,  Zq  ohm  , and  the 
permissible  insertion  loss, 

3.2  Dissipative  losses 


1 

! 


\ 


In  practical  filters  the  tuned  elements  will  not  be  lossless,  and  this 
will  show  up  mainly  as  insertion  loss  in  the  pass  band.  If  the  unloaded  Q of 
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the  resonators,  Qy  , is  known,  an  estimate  of  this  loss  can  be  made  using  the 
4 

following  equations  : 


dissipative  midband  loss  — 


4.343 

W„ 


dB 


(8) 


where 

n 


ek 


the  fractional  bandwidth  and  is  equal  to  Af/f q 
the  number  of  sections 

the  kth  element  of  the  equivalent  lowpass  prototype 
the  unloaded  Q of  the  kth  resonator  or  section. 


If  the 
is  equal  to 


assumption  is  made  that  is  the  same  for  all  values  of 

, then  a further  approximation  can  be  made  so  that: 


k 


and 


dissipativo  midband  loss 


dB 


(9) 


Provision  for  estimating  the  increase  in  midband  loss  due  to  dissipation 
is  bitten  into  the  program  PLOTBP  using  equation  (9)  above. 

3.3  Lumped  element  filters 

Filters  can  be  made  using  lumped  components  at  microwave  frequencies 
provided  the  components  are  kept  small  compared  with  a wavelength  (typically 
less  than  1/20  of  a wavelength).  The  Plessey  Co,,  under  CVD  Contract  CRP9-137 
is  investigating  lumped  component  filters  with  centre  frequencies  up  to  2 GHz. 

Fig. 6 shows  the  layout  of  a lumped  component  bandpass  filter  together  with 
its  dual.  Computer  table  4 lists  a program,  written  in  BASIC,  which  can  be  used 
interactively  to  design  filters  of  this  type.  The  program  is  called  HPLE  and  a 
worked  example  is  given  in  Appendix  D. 

3.4  Parallel-coupled  resonator  filters 

The  filter^' ^ most  commonly  used  is  shown  in  Fig, 7a.  It  consists  of  a 
number  of  edge- or  parallel-coupled  resonators  which  can  be  made  in  either  micro- 
atrip  or  stripline.  Each  resonator  is  a half  wavelength  long  and  is  coupled  to 
its  neighbour  along  half  of  its  length. 
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Filters  of  this  type  are  suitable  for  bandwidtha  of  the  order  2 X to  25Z. 

For  bandvidths  of  less  than  2X,  dissipative  insertion  loss  becomes  excessive 
for  many  applications  when  using  film  circuit  techniques.  For  bandwidtha  of 
greater  than  25X,  the  gaps  needed  between  the  resonators  to  achieve  the  tight 
coupling  become  too  narrow  to  fabricate. 

In  order  to  determine  the  physical  dimensions  of  this  type  of  filter,  it 

is  first  necessary  to  compute  the  even-  and  odd-mode  impedances,  ZQe  and  Zq(j 

respectively,  for  each  coupled  section.  The  even-mode  impedance  is  the 

characteristic  impedance  of  a single  coupled  line  to  ground,  when  equal  current'' 

are  flowing  in  the  two  lines.  The  odd-mode  impedance  is  the  characteristic 

impedance  of  a single  coupled  line  to  ground,  when  equal  and  opposite  currents 

flow  in  the  two  lines.  Z and  Z can  be  determined  with  the  computer  program 

oe  oo 

BECFI,  which  is  listed  in  computer  table  5.  The  program  is  written  in  BASIC  and 
is  intended  for  interactive  use.  A worked  example  is  shown  in  Appendix  E. 

3.4.1  Microstrip  filtei  dimensions 

The  line  widths  and  the  gaps  between  the  lines  for  the  coupled  sections 

can  be  obtained  from  the  even- and  odd-mode  impedances  by  use  of  tables  or  curves, 

. 12-14 

generated  by  a computer  program  written  by  Bryant  and  Weiss  . The  dimensions 

of  the  input  and  output  lines  are  determined  as  described  in  section  2.1. 

Alternatively,  a NASA  computer  program^,  which  has  been  adapted  to  run  on 
the  RAE  ICL  1904  computer,  can  be  used  to  produce  a complete  design,  when 
supplied  with  a specification  for  the  filter  and  details  of  the  microstrip 
materials.  Firstly,  it  determines  the  number  of  sections  to  meet  the  specifica- 
tion, then  Z and  Z are  calculated,  and  finally  the  physical  dimensions  are 
oe  oo 

obtained.  The  program  is  written  in  FORTRAN.  The  modified  version  of  the 
program,  known  as  BDPS,  is  listed  in  computer  table  6.  A worked  example  together 
with  full  details  for  inputting  data  is  given  in  Appendix  F,  It  should  be  noted 
than  some  empirical  adjustment  of  the  lengths  of  the  resonators  is  sometimes 
necessary  to  pull  the  filter  onto  frequency.  This  need  for  adjustment  is  due  to 
a number  of  causes  such  as: 

(i)  fringing  effects  at  the  ends  of  the  resonators; 

(ii)  insufficient  data  regarding  the  precise  dielectric  constant  of 
the  substrate  material  within  a batch,  or  from  batch  to  batch; 

(iii)  problems  associated  with  the  fact  that  the  even-  and  odd-nede 
velocity  ratios  are  different  for  microstrip. 
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3. A. 2 Stripline  filter  diaenaiona 

For  stripline,  the  widths  of  the  resonators  and  the  gaps  between  them,  as 
shown  in  Fig. 7a,  can  be  obtained  for  each  coupled  section  by  the  use  of  nomo- 
grams1 shown  in  Figs. 8 and  9.  The  coupled  lengths  are  given  by: 


L 


10 


3 » 10 
4f0^r 


cm 


(10) 


where  fg  ■ the  centre  frequency  in  Hz, 

er  ■ the  dielectric  constant  of  the  dielectric  material. 

Because  of  fringing  effects  the  resonators  normally  require  shortening  by 
a small  amount  d£  as  shown  in  Fig. 7b.  It  has  been  found,  that  for  stripline 
the  end  correction  recoomended  by  Cohn1'’  is  adequate  for  moat  purposes.  That 


dl  - 0.165  b 

where  b - the  ground  plane  separation. 

The  widths  of  the  input  and  output  lines  are  determined  as  described  in 
section  2.2. 

3.5  Short-circuited  stub  filters 

This  type  of  filter4  (see  Fig. 10),  which  is  also  suitable  for  both  micro- 
strip and  a tripline,  can  be  used  for  bandwidths  of  the  order  3QX  to  120Z. 

In  general  the  greater  the  bandwidth  the  narrower  the  stubs.  Thus  the 
maximum  bandwidth  which  can  be  achieved  is  limited  by  the  minimum  stub  width 
(i.e.  the  maximum  characteristic  iopedance)  which  can  be  fabricated. 

The  uae  of  exceaaively  broad  lines  is  not  desirable  because  of  the  diffi- 
culty in  establishing  reference  planes  at  T-junctions,  and  because  of  the  risk 
of  setting  up  spurious  propagation  modes  at  higher  frequencies (e.g.  a 200  micro- 
stripline should  be  usable  only  up  to  15  GHz  when  made  on  0,635mm  alumina1^). 
Hence,  the  maximum  line  width  which  can  be  tolerated  sets  the  lower  limit  of 
bandwidth  for  the  stub  filter. 

The  lover  limit  of  bandwidth  can  be  extended  a little  by  replacing  the 
centre  stubs,  which  are  of  approximately  half  the  characteristic  impedance  of 
the  end  stubs,  by  pairs  of  stubs  in  parallel  of  double  the  desired  characteristic 
impedance.  This  alternative  layout  is  illustrated  in  Fig. 10. 
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A computer  program  called  STUB  has  been  writted  in  BASIC  to  obtain  the 
characteristic  impedances  of  the  stubs  snd  connecting  lines.  It  is  intended 
for  interactive  use,  and  is  listed  in  computer  table  7.  A worked  example  is 
given  in  Appendix  C. 

For  a given  filter,  once  the  characteristic  impedances  are  known,  the 
physical  dimensions  for  micrcstrip  or  stripline  are  obtained  as  described  m 
sections  2.1  or  2.2  respectively. 

4 PRACTICAL  FILTERS 

A number  of  practical  filters,  which  were  designed  using  the  above  pro- 
cedures, are  described  in  this  section.  Some  were  made  in  thick  film,  while 
others  were  made  using  printed  circuit  board. 

4 . 1 Thiel:  film  filters 

All  of  the  thick  film  filters  were  constructed  in  microstrip  using 
screen  printing  methods. 

The  filters  were  printed  with  Engelhard  9177  gold  ink  on  0.635mm,  Coors 
ADS  9^5,  alumina  substrates.  The  conductor  patterns  were  printed  through  325 
mesh,  stainless  steel  screens.  A firing  temperature  of  850°C  was  used  through- 
out and  to  minimise  cost,  silver  ground  planes  were  used  in  each  case.  More 
detailed  information  on  the  manufacturing  processes  used  are  given  in  Ref. 3. 
Connections  at  filter  input  and  output  ports  were  made  via  SMA  coaxial  to 
microstrip  connectors. 

(i)  Filter  A (see  Fig. 11) 

Parallel-coupled  resonators 
Butterworth  response 
Two  resonators 
Centre  frequency  1.52  GHz 
5%  bandwidth 

As  can  be  seen  in  Fig.ll,  this  filter  wrrs  folded  in  order  to  print  it  on 
a 50.8mm  * 50.8mm  substrate. 


Farallel-coupled  resonators 
Tchebyscheff  response 
0 . IdB  ripple 
Three  resonators 
Centre  frequency  3.0  GHz 
13.4%  bandwidth 

(iii)  Filter  C (see  Fig. 13) 

Parallel-coupled  resonators 
Tchebyscheff  response 
0. IdB  ripple 
Three  resonators 
Centre  frequency  5.75  GHz 
10%  bandwidth 

The  worked  example  in  Appendix  F gives  the  design  of  this  filter. 

(iv)  Filter  D (see  Fig. 14) 

Short-circuited  A/4  stubs  with  A/4  connecting  lines 

Tchebyscheff  response 

O.QldB  ripple 

Five  sections  or  stubs 

Centre  frequency  5 GHz 

50%  bandwidth 

With  this  filter,  the  short  circuits  at  the  ends  of  the  stubs  were 
achieved  by  printing  a conducting  stripe  along  the  ends  of  ihe  stubs  parallel 
to  the  edges  of  the  substrate.  These  stubs  were  then  connected  to  the  ground 
plane  by  painting  around  the  edge  of  the  substrate  with  the  same  ink  as  was 
used  for  printing  the  conductors.  The  circuit  was  then  fired  in  the  normal  way. 
The  simplicity  of  achieving  short  circuits  to  ground  by  this  method  is  a very 
useful  ieature  of  the  thick  film  process. 

Pairs  of  parallel  stubs  were  used  for  the  centre  stubs  as  described  in 
section  3.5. 

This  filter  is  the  subject  of  the  design  example  in  Appendix  G, 
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4. 2 Printed  circuit  board  filters 

All  of  the  filters  described  below  were  made  using  standard  photo-etch 
techniques  on  high  quality  printer.  circuit  board  (Rexolite  2200  of  1.59mm 
thickness).  This  material  was  obtained  plated  on  both  sides  with  copper 
0. 036mm  thick.  Rexolite  is  a gla_s  reinforced,  cross-linked,  styrene  copolymer, 
which  has  a dielectric  constant  of  2.62  (10  MHz  to  10  GHz). 

Where  filters  were  made  in  stripline,  the  conductor  pattern  was  etched 
on  one  side  of  one  sheet  by  photo-etch  techniques  leaving  the  copper  ground 
plane  on  the  other  side.  The  copper  on  one  side  of  a second  sheet  was  comp- 
letely removed  and  the  whole  structure  was  either  glued  together  or  clamped 
together  using  rows  of  screws.  Occasionally  aluminium  backing  plates  were 
used  to  ensure  even  clamping  over  the  total  area  of  the  filter.  Type  'N'  Esca 
launchers  have  been  used  on  filters  E,  F,  I and  J while  SMA  connectors  have 
been  used  on  filters  G and  H. 

(v)  Filter  E (see  Fig. 15) 

Stripline 

Parallel-coupled  resonators 
Butterworth  response 
Two  resonators 
Centre  frequency  1.55  GHz 
8%  bandwidth 

(vi)  Filter  F (see  Fig. 16) 

Stripline 

Parallel-coupled  resonators 
Butterworth  response 
Three  resonators 
Centre  frequency  1.55  GHz 
bandwidth 

Fig. 16  shows  the  conductor  pattern  and  also  the  complete  assembly. 


(vii)  Filter  C (.0*  Fig. 17) 


St ripline 

Parallel-coupled  reeonatore 
Butterworth  reeponec 
Four  reeonatore 
Centre  frequency  9.4  GHz 
2 i Z bandwidth 

This  filter  wee  eeeeabled  by  gluing  the  two  helve*  together  ueing  18  12 
Cyano-acrilate  adheeive.  Thi»  edhotive  give*  e etrong  bond  for  a thin,  low  rf 
lot*  glue  line.  It  we*  neceasary  to  solder  copper  foil  around  the  edge*  of  the 
filter,  in  order  to  make  good  electrical  connection  for  rf  between  the  two 
ground  plane*, 

(viii)  Filter  H (tea  Fig. 18) 

Stripline 

Pa  r»l]*l-coupled  reaonator* 

Butterworth  response 
Five  reaonator* 

Centro  frequency  9.4  CHx 
2 jj  X bandwidth 

(ia)  Filter  I (•**  Fig. 19) 

Stripline 

Parallel-coupled  reaonator* 

Tchebyecheff  reapon** 

O.SdB  ripple 
Five  resonator* 

Centra  ti*qtj«ncy  830  KHz 
23,32  bandwidth 

In  Fig. 19  it  can  be  seen  that  this  filter  wa*  folded  *o  that  the  reaonator* 
are  V-ehaped.  Thia  waa  done  in  order  to  reduce  the  overall  length.  The  calcula- 
tion of  the  even-  end  odd-nod*  impedance*  for  thia  filter  i*  the  subject  of  the 
worked  example  in  Appondlx  F.. 


14 


068 


<x)  Filter  J (see  Fig. 20) 

Microstrip 

X/4  short  circuited  stubs  with  A/4  connecting  lines 
Tchebyscheff  response 
O.ldB  ripple 
Four  stubs 

Centre  frequency  l.S  GHz 
60Z  bandwidth 

At  the  end  of  each  stub,  it  was  found  to  be  necessary  to  solder  a copper 
plate  between  the  stub  and  the  ground  plane  to  provide  a good  short-circuit  to 
rf  . The  plate  needed  to  be  at  least  two  stub  widths  wide  and  ideally  stood 
above  the  plane  of  the  surface  of  the  printed  circuit  board  to  form  a physical 
'wall'. 

4.3  Measurement s 

The  transducer  gain  was  measured  for  each  of  the  filters  over  the  desired 
frequency  band,  with  a Hewlett  Packard  Network  Analyser. 

4.4  Theoretical  performance 

For  each  of  the  filters  a theoretical  response  was  calculated  for  compari- 
son purposes. 

Por  filters  A,  B,  E to  J a theoretical  response  assuming  no  losses  was 
calculated  as  described  in  section  3.1.  The  worked  example  in  Appendix  C shows 
the  determination  of  the  theoretical  performance  of  filter  E. 

Por  filter  D a theoretical  response  was  obtained  by  analysing  the  filter 

17  3 

circuit  on  computer  program  , Rednp  38,  Realistic  losses  per  unit  length  for 
the  filter  lines  were  used  in  the  analysis. 

The  theoretical  response  for  filter  C slso  takes  into  account  filter 
losses.  Here  it  was  not  possible  to  analyse  the  circuit  directly,  as  the 
analysis  program  does  not  have  provision  to  deal  with  coupled  lines.  In  this 
case,  the  equivalent  lumped  circuit  was  designed  as  detailed  in  section  3.3. 
Equivalent  Q values  were  given  to  the  lumped  components,  then  this  lumped 
circuit  was  analysed  to  give  the  theoretical  response. 

An  estimate  of  mid-band  loss  for  each  filter  was  made  using  equation  (9). 
The  Q values  used  in  equation  (9)  were  obtained  by  direct  measurement  for  50ft 
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thick  film  ring  resonators'*.  The  Rexolite  values  were  obtained  from  the  manu- 
facturer's data  sheet. 

Fig.  21  8 hows  how  varies  with  frequency  for  both  50n  thick  film,  micro- 

strip resonators  and  500,  Rexolite  2200,  stripline  resonators. 

5 RESULTS  AND  DISCUSSION 

The  measurement  and  theoretical  responses  of  filters  A to  J are  shown  in 
Figs. 22-31  respectively.  A summary  of  the  results  is  shown  below. 


Filter 

Photo- 
graph 
Fig. No. 

Frequency 
response 
Fig. No. 

Qu  for 
son 

resonator 

Mid-band  loss 

dB 

Measured 

According  to 
equation  (9) 

According  to 
circuit 
analysis 

A 

1 1 

22 

100 

2.7 

2.5 

- 

Thick  B 

12 

23 

150 

1.0 

0.7 

- 

film  c 

13 

24 

230 

1.3 

0.6 

0.9 

D 

14 

25 

210 

0.9 

0.2 

0.25 

E 

15 

26 

320 

1.2 

0.5 

F 

16 

27 

320 

2.4 

2.2 

- 

Printed  G 

17 

28 

390 

2.0 

2.3 

circuit 

board  H 

18 

29 

390 

1.8 

2.9 

— 

I 

19 

30 

230 

1.5 

0.7 

- 

J 

20 

31 

315 

0.4 

0.1 

- 

A feature  of  filters  made  up  with  distributed  components  is  that  spurious 
resonances  will  occur  at  multiples  of  the  design  centre  frequency.  This  gives 
rise  to  spurious  pass  bands  and  the  designer  must  bear  this  in  mind  from  the 
start.  In  the  case  of  the  parallel-coupled  resonator  filter,  the  spurious  pass 
bands  occur  when  the  resonators  are  3Xg/2  , 5Xg/2  etc  (i.e,  with  centre 

frequencies  of  3£q  , 5fg  etc.).  This  effect  is  illustrated  in  Fig. 32,  which 
shows  the  frequency  response  of  filter  I over  an  extended  frequency  range. 

6 CONCLUSIONS 

(i)  The  design  procedures  described  in  this  paper  can  be  used  to  produce 
satisfactory  filters  with  centre  frequencies  from  1.5  to  5.75  GHt  for  thick 
film,  and  with  centre  frequencies  of  0.85  to  9.4  GHz  for  Rexolite  2200.  There 
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is  no  indication  that  an  upper  limit  in  frequency  has  been  reached  for  either 
technology.  Only  lack  of  time  and  suitable  requirements  have  prevented  work  at 
higher  frequencies  than  those  reported. 

(ii)  The  measured  frequency  responses  match  quite  closely  in  every  case 
the  theoretical  responses  obtained  from  computer  program  PLOTBP. 

(iii)  It  should  be  stressed  that  the  method  used  to  predict  mid-hand  loss 

is  not  accurate,  particularly  with  the  assumption  that  all  of  the  resonators 
will  have  the  same  value  as  that  of  a 50ft  resonator.  However,  if  this  ie 

accepted,  it  is  still  a very  useful  way  of  obtaining  a rough  estimate  of  mid- 
band loss  sufficiently  accurate  to  decide  in  most  cases  whether  a filter  design 
is  feasible  or  not. 

(iv)  All  of  the  interactive  programs  have  been  written  in  such  a manner, 
that  they  can  be  run  by  personnel  with  the  absolute  minimum  of  training  in 
computer  operation. 
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SYMBOLS 

width  of  microstripline  conductor 
thickness  of  microstripline  conductor 
dielectric  thickness  for  microstripline 
dielectric  constant 

transmission  line  characteristic  impedance  in  ohm 

wavelength  in  transmission  line 

wavelength  in  air 

width  of  strinline  conductor 

thickness  of  stripline  conductor 

stripiine  ground  plane  separation 

fringing  capacitance  in  pF/cm 

frequency  of  lower  edge  of  paBS  band 

frequency  of  upper  edge  of  pass  band 

centre  frequency  of  pass  band 

bandwidth 

attenuation  in  dB 

frequency  where  Af  is  required 

Tchebyscheff  ripple  value  in  dB 

number  of  filter  sections 

resonator  quality  factor 

unloaded  Q value 

fractional  bandwidth 

number  of  filter  sections 

elemental  values  of  the  equivalent  lowpaes  prototype 
even-mode  impedance  of  coupled  transmission  lines 
odd-mode  impedance  of  coupled  transmission  lines 
length  of  coupled  region  for  parallel-coupled  resonators 
resonator  end  correction 
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Table 
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Computer  Table  1 Listing  of  computer  program  MICR 


1*1  TYPE  "CPhiJG:  MICH)" 

1 *2  LIME,  2 TIMES 

1 .24  DEMAMD  E AS"EMTEH  DIELKCTlilC  COMSTAMT" 

1 .25  DEM  AMD  P AS".EMTEK  S03STHATE  THI  C'CMESSC  MM) " 

I .2D  TYPK"EMTEH  LOWEST  ( L ) , I MCHEMEMT  Cl)  A HIGHEST?*!)  VALUES  OF  WIDTHCMM)" 
1 .3  DSMA.MD  L,  I,H 
1 .39  LIME,  A TIMES 

1.4  TYPE"  W ( MM ) WC  THOU)  SOCOHMS)  LCG)/LCO)" 

1 .41  LIME 

1 .42  M = 0 

1.5  DJ  PAHT  2 FJH  W=LCI)H 

2.05  S=W/P 
.1  A=1/CS»0.336) 

.15  D= 1 / C E » 0 . 0 7 24 ) 

2 .2  C=1+CA*B* 1.735) 

2.25  D=C*SUHTCE) 

2 .3  M=377/CS*D) 

2.9  TO  PAHT  3 IF  S>.6 
2.-D2  DJ  PAitT  4 

3 . 1 L = SU hTC 1 /C 1 + 0 • 63+  C E- 1 ) *S » 0 . 1 255) > 

3.2  DO  PAHT  5 

4 . 1 L = S'JuTC  1/C  1 + 0.6* CE-1 V+S* 0.029 7)) 

4.2  DO  PAuT  5 

5.2  T=W*  1,0  0 0/25.4 
5.21  M=M+ 1 

5.3  TYPE  W,T,.S,L  IM  FORM  1 

5.4  DJ  PAHT  6 IF  FP C M/ 1 0 ) < 0 . 0 5 

6.1  LIME 

6.2  DO  PAHT  7 IF  FP C M/40 ) <0 . 0 0 0 l 
7.1  LIME,  4 TIMES 
r JHM1  : 

jf  § a ,4#  § 9 99  • 9 9 9 999,9  9 9 

* fc  * * 


9,9999 


Table  2 


Computer  Table  2 Lilting  of  computer  program  STR2 


1.1  TYPE  "CPRGG*  STR2 ) " 

1.3  DO  PART  2 

2.1  DEMAND  E AS"EMTER  DI  ELECTRIC  COMSTAMT" 

2.11  DEMAMD  T ASMEMTER  CONDUCTOR  THICXMESStMMV 
2.111  DEMAMD  B AS"EM  TER  GHOvJMD  PLAME  SEPARATI  OM(MM>  " 

2.12  TYPE"EMTEH  L0W5SKL  > » I MCREMEMT  C I > » HI  GHEST(  H>  VALUES  OF  WIDTH(MM) 

2.13  DEMAMD  L # I # H 
2.15  LI  ME.  A TIMES 


2.2  u=i/suRrcE> 

2.25  IT  PE  U IM  FORM  1 

2.3  LIME 

2.35  riVE  ” V;CMM>  W ( THOU  ) W/(B-T>  X(OHMS>" 

2.  A LIME 
2 • A 5 Q=0 

2.5  DO  PART  3 FOR  W=L(I)H 

3.1  TO  PART  A IF  W/CB-TX.35 
3.15  A=(  1 -C  r/B)  ) 

3.2  D=( 2/A) *LOG< C 1 /A)* 1 > 

3.25  Fs{  ( l /A)  - 1 )*LOG(  ( 1 /At  2 ) - 1 ) 

3.3  C«<1/?I>*<D-F> 

3.35  G«(< CW/B)/A>+C> 

3.  A £ = 9A*  1 5/C5QRr<E)*G) 

3. A 5 DO  PART  5 

A.l  A-1+LJGCCA*?I+Vi)/T)  

a. is  A=i  + <fr/cPi*'*>>'*,A)  + {0*51*(<r/B),2,) 

A. 2 D=(W/2)*A 

A .25  i»C60/SUHT(ElXLOG(CA*13>/<D*Pn) 

A . 3 DO  PART  5 

5.1  V=W* 1000/25* A 
5.15  X=W  / < B-T) 

5 . 2 0=3+ 1 

I IME  IF  F?<  Q/l  0 )<0 .05 
S*.3  LIME^  3 TIMES  IF  F?( Q/A0 > « 0 . 0 0 0 1 

5.35  FT  PE  I >*  FORM  2 

F 0HM1 ! 

VELOCITY  RATlO»*.X* 

**<'»**  *****  ***•"' 


* +** 


Table  3 


Computer  Table  3 Listing  of  computer  program  PLOTBP 


\J  i 

1 

A 

b 

6 

7 
3 
) 

1 0 
1 2 

1 5 

8 0 

2 l 
2 2 
S3 
2 5 
2 6 

2 7 
2 8 
2 ; 

3 1 
3 2 
3 3 
3 A 
3 6 
3 6 
3 7 


FC0)="S  131  ”*K" 
FREQ  V'lEnE  T-f!  3 


IS  KE2»" 


0 Flit  )3'Jf TFRVlRTsfM 


PL  ji' DP 

!H  4 AC26),  D(26),G(26) 

I =2.7133 
•Jl  =3. 1A1  59 

r'.-I  A-r’Aiiii  FI  Li' Fit  3 *in  TCHEB/SC'HEFF 

-J.il  4 tfl'Kit  ALL  FuEQ JEVCI E5  I NJ 
2 it  I 'J  iM,FJ  1‘Eit  1 f J SPECIFY  HA  MI)  EDGES:  0 Flit" 

Fjil  FRKJ  p«  rr.AC f ! ] \JAL  BAMDWI  Df-I" 

I JFtJi'  T3 
IF  i’3=  0 i'AF.0  25 

F.vl  NJ  r"E\l  fE.t  Fr.Eu  JF  LJWKii  t UPPER  BAMD-EDGE  PTS" 
I ''Jr  J i"  FI  , F2 
;3=CFl  + F2)/2 
•<  = ( F2-  F 1 )/13 
GO F J 31 

Fiil  Mi'":-:>J  f Fit  CENTRE  FREU  *>.  FRACTIONAL  BAND  Vi  I J)fH" 
I UP  ’ J 1 D,  a 
F l = C i3  / 2 ) *(2-v,) 
r 2 = (13/2)  " C 2+  W ) 

F.;i  jrMFi=";  fi  ; ••  F2=";  r2 

PI = l 00*5 

Fiti  or,,DA'JD«.iDr:i=,,;Fi : "z 
FjiI  0 f "EM  TER  nEQD  .tEJC  D13)  4 
I OF  Jf  it,  F3 

FitlOfFOTEit  1 F3r.  TCUE13K  3CHEFF: 
i of  j r ri 

IF  ri=0  THEM  650 
A 5 SC  1 > = 0 . 0 1 

5 0 5C  2)  = 0 • 1 
53  SC  3)=0 .2 
60  OCA) =0.5 

6 5 5(  5 ) = l 

7 0 0(6)  = 2 
7 b 5 C 7 ) = 3 

0 5 F=Q 
9 0 F=P+  1 
9 b 0=0 

1 0 0 0=0+  1 

105  IF  0>  1 5 THEN  165 
1 10  0>3  =OCF) 

115  E= 10t(S3/10)-l 
1 16  GJ5UU  20  0 0 

1 30  A= N*L3GC5 J«( CC+3Uh(  ( C » 2)  - 1 ) ) t 2)  ) 

1 35  L=( I i A+ 1 / 1 »A) /2 
1 A0  D=(  10/2.30  255) *LJGC 1 + CE*CL»2) > > 

1 A5  IF  D<it  THEN  100 

150  PHIMf"N="J  M*"TDH  L'333»"JDI  "DJ3  AT"  I F3J  "HF 
1 55  I F 35<>i»C7)  T'lEM  *50 
1 60  UJTJ  135 

1 65  PidOr’MJHE  TRAM  15  ELEMENTS  HEQI)  F'3H  RIPPLE 

1 70  IF  35o5<7)  THEM  90 

195  Fill  Of"  1 5 PLOT  ilEQD?  ENTER  1 Flit  /ES»  0 F’3H  03" 

2 00  I OF  J f f A 
2 05  IF  T A » 0 THEM  99)9 

2 90  F/il ’J  T"E0 TEit  M'l*  3F  ELEMENTS#  it!  PPLKt  D»)  " 

291  Fit!  NT"*  FRACTIONAL  DAODWIDW 
2 92  TOFijr  0,53,  W 


iii  BorrEitvii.r1!  hespins- 


Fill"!  SEt  "1)13  RIPPLE" 


3F"»  SEI"n?3" 


Best  Available  Copy 


Table  3 cont’d  ^ 

2 93  E=10  *<53/109-1 
295  GJ5UU  950 
4 90  Fj:i  G = F4r.JF5  STEF  F6 
4 91  IF  G = B ttlKM  493 
4 92  GOTO  49b 
4 93  19=0 
4 94  GO  fj  520 
4 95  LE  T F3  = G 

4 96  GJSJ3  20  0 0 

5 02  IF  C*2<1  THEM  507 

5  03  H=M*LOG<  SOH<  <C+SQn<  <C»29-  1 ) 9 »2>  9 
5 04  L = < I *H+ 1 /i »H)/2 

5  05  D=<  10/2.302589*LOG<1+<E*CL*2999 
5 06  GJ  i'O  520 
5 07  a=SJ:v(  1-<C»29  9 
5 08  U=M*ArM<Q/C9 

5  09  D=C  10/2.302539  *L0G< 1 + C E* (CJSf 39 » 29  9 9 
5 20  FiilMf  G 
5 21  GOSJD  150  0 
5 22  MEXr  G 
5 23  GJ5UD  120  0 
5 24  IF  f 3 = 0 THEM  615 
5 25  GJ5JB  140  0 

5 26  GOSJD  220  0 

6 15  FuIMflS  AMOTHEH  PLOT  REQD?  EMTEH  l FOR  YES*  0 FOR  Ml" 
6 20  I.MFJf  15 

6  25  IF  T5  = 0 THEM  9999 
6 30  GO f J 290 
6 50  M = 0 
6 55  .9=9+  1 

6  60  IF  9>15  rmn  69 S 
6 65  GOSUB  20  0 0 
6 70  E=10 *0.3-1 

6  75  13=  v 10/2.30  258  9«<LOGC1+E*C»(2*99  9 
6 80  IF  D< h HIE9  655 

6  85  Fill  Mr"M**"l  M»  " rilAMSD'JCEH  L1SS«"*D*"DB  AT"*  F3 * "4'." 

6 30  GKO  70  5 

6 95  Fnf  r"M'JHS  fIA9  15  ELEMEMTS  HEQD" 

7 05  Pniw"!  S FLO  F RE019?  E91'Eh  1 FOR  YESt  0 FOR  99" 

710  I 9F JT  12 

715  IF  T2=0  THEM  9999 

7  20  Fill  9f"E9TEil  90.  OF  ELEMEMTS*  A FiiACTI  OMAL  BAMDWI DTH" 

7  25  1 9FU  f M*W 
730  GJJJB  980 
7 35  FOH  G=  F4T0F5  STEP  F6 
7 40  IF  G=B  THEM  750 
7 45  GO  107 60 
7 50  D«0 
7 55  GOTO  770 
7 60  LET  F3-G 
7 61  GOSJU  20  0 0 

7 65  D=( 10/2. 30 2589 *LOG< 1+S*C»<2+M9> 

7  70  Fill  9T  G 
7 75  GO  JOB  150  0 
7 80  9K.<f  G 
7 81  GOSU13  120  0 
7 82  IF  1’ 3 » 0 rilEM  71. 

7  83  G-JSJ13  130  5 
7 84  GJJU13  220  0 

7 85  Pill  MT"I  S AMOfllKH  PLOT  HF.OD7  EMTEK  I FDR  YESt  0 FOH  MO" 
7 90  I MFJ T T2 

7 35  IF  T2-0  THEM  999) 

8 00  GOTO  720 

•9  80  PHIMT"Y-AMISt  BMfEil  MIM#  MAX#  I MC  FOH  FHEQ" 

9 85  IMFU f F5>F4*F6 

9 90  Fill  Mf"X-AXl  Si  EMfEH  MAM  ATrEMUAf!  3M(DI3)" 

9 95  I MFJ  f A 

1 000  Fill  M r fABC  259  I 'THAMSDUCKH  GAl  Mf  1)13) " 


Table  3 concl’d 


1 0 a b FJR  <=0  rjs 
loio  yi=;<*a/s 
10  12  Y l = - / 1 

1015  PKIMX  l'ALX  1 8+ 1 0 + X) # Y 1 S 
1 0 20  NEXT  X 
. 1 025  PRIMT 

i 030  Pui vr  raoc  20  );**!"; 

1 0 35  F.3;i  .<=1X050 

1 UAO  IF  K/10=IMrCK/10>  THEM  1050 
1 0A5  GOTO  10  60 
1 050  PRIMP'!**; 

1 0 55  G 3 TO  10  65 

i 0 60  pri  mx**.**; 

1 065  NEXT  X 

1 0 66  PRIMP*  FREJ  GAI  M" 

1 0 67  Pul  MT 
1 0 68  F6-- F 6 
1 0 70  REXJuM 

1 20  0 PRIMP* 1 3 APPRiOX  a 3F  RESJMAT0R3  KM3WM?" 

1 20  5 Phi  M P’EM  1'EA  1 FOR  YES:  0 FOR  MO" 

1 210  IMPUr  T3 

1215  IF  1' 3=  0 THEM  1230 

1 220  Pul  M f "KM i’ER  APPROX  VALUE  OF  UMLOADED  Q OF  RESOMATO RS" 

1 225  INPUT  U2 
1 230  RETURN 
1 30  5 FOR  :<=  1 i'JM 

1310  G(X)=2*SIN< (<2*X-1 >*J1>/<2*N>> 

1315  NEXT  l< 

1 320  uETUuM 
1 A0  0 XI =55 / 1 7 • 37 

1 A0  5 M=L.3G(  < I »X1+  I t(-Xl))/(I  »X1-I  »<-Xn>> 

1 A 1 0 T=//<2*M) 

1 A 1 5 V=.*l/A 

1 A 20  <i*<I  If-I  tc-m/2 

1 A25  FOu  X=1TJN 

1 A30  A(X)=3IM<  < ( 2*X- 1 ) * J1 )/( 2*M>  ) 

1 A 35  D<X>  = < J»  2>  + C<  SI  M<  <X*. 

1 AA0  MEXl'  X 
1 AA5  G< 1 > = 2*AC  1 )/a 
1 A50  FOR  X=2X 3M 

1 A55  G<X)=CA*A<  X-1)*A<K>  >/<  BCX-1  >*ncx-n> 

1 A 60  NEXT  X 
1 Ad 5 RETURN 
1 500  M=  I M 1' ( D+  50  YA) 

1 50  5 IF  M>50  THEM  1525 
1510  IF  M=0  THEM  1535 

1515  Pul  M r XAD(6)JDI  TABC  20  TAB< 20+M) I "+" 

1520  GOTO  1 5A0 

1 525  Pill  MX  TA)3(  6)  J DJ  TADC  20  ) * "• " 

1530  GOTO  1 5A0 

1535  PRIMT  rAB<6)lDrrAB<20)»"+" 

1 5A0  RETURN 
2000  J2=l-W/2 

2 005  J3*»C J1  *F3)/(2*13) 

2 010  JA«( J1  /23  * J2 

2 0 15  VI«{SaW<SW<J4))»8m(l/U) 

2 0 20  V2«(S(JlH((SIM<  J3>>  »8)  > » < 1 /M) 

2 0 25  C" C < -COST  J3) )* VI ) /<  <C 3S(  JA ) V8> 

2 0 30  RETURN 
2 200  Ul-0 
2 20  5 FJR  X-1TUN 
2210  Ui«Ul+G<X> 

2 215  MKXr  < 

2220  Ul«<A.3A3fUl  )/<W*J0) 

2 225  PR1  NP'MI  DiiAMD  LJUU  INCREASE  DUE  M D!  S3!  PA M TI»"l  Ul  t "DO  APPR3X" 
2 230  jiETUitM 
•)  )')<)  EMI) 


Table  4 


Computer  Table  4 Listing  of  computer  program  BPLE 


V Eiv  BPLE 

1  DM  AC  26)  * B(  26)  > CC26)  * G(  26)  » L(  26) 

3 Phi  M 1 "L JMPED-ELEMEMT  QAMD-PAS3  FILTEHS" 

A Phi  Mi "DO  \JJf  ;J5E  E9EM  M33  3F  SECTIOMS" 

5 PuIMi'"F3h  TCHEBXSCHEFF  uESP  3MSE" 

6 PnlMPLEMfEH  M05  3F  SEC  TI  3MS,  t C OHMS)  > CEMTHE  FHEQCHS)* 

7 PuIMT’AMD  FHACHOMAL  BAMDWI  DTH" 
h I MP  9 T M#  ^ j Fi  y 

9 E=2.?133 

10  PI =3. 1A1 6 
1 1 X=2*Pl*F 
12  G C 0 > = 1 

1A  Phi M P'EM  TEH  1 F'3h  TCHEBf SCHEFF5  0 F3H  B’JT  rEHWORT-f" 

1 5 IMPUr  ri 

16  IF  H = 1 1' HEM  19 

1 7 G3SJB  1300 

1 3 GOTO  20 

19  G33JJ3  100  0 

2 0 FOh  <=0  r 3CM+1  ) 

2 i PuIMP’g ")=";  gc-o 
22  mext  x 

a i Phi  \ir 

A 2 PuIMP’SDUriCK  AMD  LOAD  I MPEDAMCE=M*  Z> " 3HM3" 

A 5 FOh  X=1  TO  M 
A 6 P = X/2-IMI'C  X/2) 

50  IF  P>0  • 1 THEM  60 
5 2 C<  X)  = «i/CZ*GC  X)  *X) 

5  A LCX)=CZ+GCX))/CW*X) 

5  6 Phi  M P'CC  "»  X*  ")="5CCX)  i"F  LC  "•  X»  ")  ="»  LC  X)  J M'T" 

5 7 GO  T 3 63 

60  CCX)=GC:X)/CW*£+X> 

6 1 LCX)=CWl«Z)/CGC  X)*X> 

6 2 phi  Mf"cc  x;")=";  ccx) ; "F  lc”;  x;  ")=";lc  x> : "H" 

63  MEZr  X 

6 A Phi M f"CC 1 )LC 1 ) 1 CC3)LC3) ... .PARALLEL  TUMED" 

65  Phi M P’CC  2) LC  2) J C C A)LC  A ) • • • • SERI  ES  PJMED" 

7 6 PHI MX 

7 7 PHI MT 

7  3 PHI  MT" FOh  DJAL" 

3 5 FOH  X=1  rO  M 

3 6 P=  </2-  I M r C :</2 ) 

9 0 IF  P>. 1 I HEM  100 
9 2 CC  X)=GCX)/CW*£*X) 

9 A LCX>  = CK*'S>/CGCX>*X> 

9 6 phi  m r"c c " » x » ")  =»";ccx) ; "F  lc  •*:  x:  ")=";lc  o ; "H" 

9 7 GOTO  103 

100  LC <)  = C Z*GCX) )/CW*X) 

101  cc o=v;/< '.*(■<. o nx) 

i 02  PhiMP’cc";  x;")=";ccx>  j "F  lc";  <;")="jlc  o?"H" 

1 0 3 MEXT  X 

1 0A  PhIMP'CC  1 )LC  1 ) f CC3)LC3>  . . . .SEHIES  PJMED" 

105  PHI M r "CC  2) LC  2 ) > CC A) L C A ) • • • .PARALLEL  THMED" 

106  PHIMr"IS  AM3PIER  DESIGM  UF.QD?" 

107  PuIMP’EMrKh  1 F3H  TESJ  0 FJH  MO" 

103  imp  or  r 2 

109  IF  1‘ 2=  1 THEM  6 

110  g j r j )))) 

1 0 0 0 Pul  M P*EM  TEK  :.I  PPLE  VALUKCDlJ)" 


Table  4 ~ont*d 


1005  imput  « 

1 007  Piil  M f M l'CrlEBV 3CHEFF  5LEMK 0 F AL  VALUES” 
1010  X1=R/17.  -7 

1015  v--"\.JGCC3»  II  • ’f  (-Xl))/CE»Xl-Ef<-Xl))J 
1 0 20  (s-.'/c 
1 0 21  V=M/4 

1 025  U=CEt  /-'ft  c-if))/2 
1 0 30  FOu  fC»l  T JM 

1 0 35  nCK>=3IMCCC2*3-l>*Pn/C2*M)> 
l O-'iO  UC  Oaf  Q»2>+(  CSI  MC  C!{*P1  > / Mi  > »2> 
i 0-15  mexf  :< 

1 0 50  GC  1 >=2*AC  1 5 'Cl 
1 0 55  F3;t  •<=21,av 

1 0 60  GC  0 = C4*AC  C-l  WAC  O } 'CSC  C-l  > fcC-CX-n  > 
1 0 65  MEXT  < 

1 066  IpCOJ/2)-I'JTC>J/2))>0.A  rHEM  10  69 
1 0 67  GC  NJ+  1)  = ( ( R t V+Et  ( - V>  > /C E»  V-K*  C - V>  > ) 

10  63  GJFJ  10  70 
1 0 69  GC  M+ i)  = l 

i o?o 

1 30  0 PiirofU'Jf rRuWji-.rH  elememtal  values" 

1 301  GCM+1)=1 
1 30  5 FO«  XalfU'J 

1310  Gc;o  = 2“Si:'ic  c C2*  <-n  *Pt  >/C2*M> > 

1315  MKX  r < 

1 320  itSTJiiM 
9 999  EMU 


Table  5 


Computer  Table  5 Lilting  of  computer  program  BECFI 

M EW  BECFI 

1 DIM  A(26)#BC26>.»G<26).*J(26) 

2 PHI NT"EDGE- COUPLED  BAND-PASS  FILTERS" 

6 PHI NF'ENTEK  VOS  OF  SECTIONS# 2 (OHMS)  AND  FHACTI OMAL  BANDWIDTH" 

7 INPUT  M#Z#W 
9 E=2*  7 1 S3 

1 0 Pl=3» 141 6 
1 2 GC  0 > = 1 

1 4 PHIMT "EMTEK  1 FOK  TCHEBYSCHEFFJ  0 FOH  BUTTEHWOHTH" 

1 5 INPUT  n 
1 6 IF  T 1 = 1 THEN  19 

1 7 GOSUB  130  0 

1 8 GOTO  20 

19  GOSUB  10  00 

2 0 FOH  '•<**  0 TO  < N+  l ) 

2 1 PRINT"GC"J X;")»"JG(K> 

2 2 NEXT  K 
2 3 PRINT 

4  1 PltINT"SOUHCE  AND  LOAD  I MPEDANCE«*"J  Z)  "OHMS" 

4 5 PHI  NT"20E<  OHMS ) "J  TAB(  1 3 ) j "200( OHMS ) "1  TABOO ) l "C"l  TABC 40  ) ! "CF(  DB>  " 

4 2 PRINT 

5 0 FOH  K=OTOM 

6 0 IF  K = 0 THEN  20  0 

7 0 IF  X*N  THEN  200 

8 0 J(:O  = CPl*W)/(2*S0H<G<:-O  + G<  1 + K)  J ) 

8  2 Z1  = C l+JCX)+<  J(K)  »2)  )*Z 

84  22=(l-JCK)+(J(K)t2))*Z 
86  C*>(C21/Z2)-l)/((Zl/22)+l) 

8 8 D=-(20/2.30258)*LOG(  1/0 

9 0 L=K+1 

1 20  PRINT  2 1 ; TAB( 13); 22 J TAB<  26)  i O TAB<  39 ) J D»  TABC  52)  i "S< "I K? "» "J LI ”) " 

1 30  NEXT  K 

1 40  GOTO  250 

200  JCK)=3QHC(P1*W)/(2*G(K)+G(X+1>)) 

2 10  GOTO  82 

250  PRINT  "IS  ANOTHER  DESIGN  REQD  7 ENTER  1 FOR  YES)  0 FOR  NO" 

2 60  INPUT  T2 
2 70  IF  T2=  1 THEN  6 
2 80  GOTO  9999 

1 000  PHI NT"ENTER  KiPPLE  VALUE C DB)" 

1005  INPUT  R 

1 0 07  PHI NT"TCHEBYSCHEFF  ELEMENTAL  VALUES" 

1010  XI =H/1 7«  37 

1 015  M=LOG((EtXl  + Et(-Xl))/(EtXl-E»(-Xl))) 
l 0 20  Y=M/(2*N) 

1 P21  V=M/4 

1025  Q=(EtY-Et(-Y)>/2 
1 030  FOH  1 TON 

1 035  A<K)=»SIN(C(2*X-l)KPl)/C2*N)) 

1 040  B(K)=>(Q»2)  + ((SIN((X*P1)/N))»2) 

1 045  NEXT  K 
1 050  G< 1 )o2*A< 1 )/Q 
1 055  FOR  K°2T0M 

1 060  G<K>*»(4*ACX-1)*A(K))/(BC:<-1)*G(K-1)> 

1 0 65  NEXT  K 

1 066  I F<  ( N/2)  - I NT  ( N/2)  ) >0  »4  THEN  1069 
1 067  G(N+ 1 )■< <E» V+E» <-V) >/( Et V-E» <-V> ) ) t P 
1 068  GOTO  1070 
1 0 69  G(N+ 1 > ■ 1 
1 070  RETURN 

1 300  PHI  NT "BUTTEHWOHTH  ELEMENTAL  VALUES" 

1 301  G(N+1)«1 
1 305  FOH  H-1TON 

1 310  G(K)«*2*SIM(  < < 8*!<*  1 )*P1 )/(  0*M)  ) 

1315  NEXT  K 
1 320  RETURN 
9 999  END 


NO  List 
PROGRAM ( BOPS ) 

INPUT  1 *C  NO 
OUTPUT  T.LPO 
TRACE  2 
END 

MASTER  BANDPASS 

REAI.  GVALUE <30 > .WIDTH <30> .LENGTH < 30) .GAP < 30) 

P ZOO<30),20E<30) .LAMBDA 

L I ST/ CONST/ 20, D I EK,H, BAND .CENTER 

helist/donst/ripple.sectn.freq.atten 

1 r*FAD(1  .CONST) 

READ(I.DONST) 

CON V* 25  4001 
H*M/C0NV 

NANDP-BAND/CENTiR 
IF(BANO)  5.5,25 
5 BERR»156.*DANDF*BANDF 

band.-bano 
I F ( r v PPI.E ) 20 ,20 . 10 
10  BERR*125.«BERR/1S6. 

20  »AN0F*-BANDF*(1 .*BERR/100.) 

25  NS8CT*5ECTN 

IF(NSECt)30,30,50 

30  FN0RM*ABS< FREQ-CENTER) /CENTER/ (BANDF/2.) 

CALL  NSpcTN(NSECT.FNORM,ATTEN,RIPPLF,IER) 

I F (I ER)50 . 50, 40 

40  WR 1TE ( 3, 910) FREQ, ATTfeN. RIPPLE 

910  FORMAT!  //  32H  DATA  INCOMPLETE  OR  I NCONS I STENT . 1 2M  ATTEN  FRlQ*,F7. 
13. 7H  ATTEN* , F6 . 2 , 8H  R I PPLE* , F5 . 2 » //  ) 

GO  TO  UO 

50  CALL  ELEMENT(GVALUE, NSECT, RIPPLE, IER) 

IF(IER)70,70,60 
60  WRITE (3,920) 

920  FORMAT(  / / , 36H  ERROR  IN  ELEMENT  VALUE  COMPUTATIONS,//  ) 

GO  TO  UO 

70  TERM*  <DIEK"1,)a(.2258*.1208/DIER)/(DIEK+1.) 

TERM«ALOG(1 .3/a.+SQRT(6A./<1 .3*1 .3) *2. ) >-TERH 
I F (TERM)  SO  ,90,90 
80  WRITE  <3,930) 

930  FORMAT ( //  30H  FRINGING  FIELD  CAPACITY  ERROR,  //  ) 

GO  TO  1 60 

90  ZAIR»59.96*AL0G(4./1.3*SQRT(16./<1,3*1,3)*2,)) 
Z*84.7833*TERM/SQRT(1 .♦DIEK) 

CP*(ZAlR/( ,011fl03*Z*Z)“. 225*1 ,3*PIEK)/2. 

M*NSECT*1 

TEMP*3.Hl592634*BANDF/2. 
f>0  100  I»1  , N 

term*temp/sqrt<gvalue<  devalue  < id)) 

I F ( 1-1 ) 100  » 104. 102 
102  I F<I-N)106,104,100 
104  TERM*TERM/SQRT<TEMP) 

106  ZOKl  )*1  .♦TfRM*TfRM 

zoon  )*(Zoe(d-term)*zo 

ZOEd  )*(ZOE(I)*TERM)*ZO 
LENGTH  < I ) *0 . 


Table  6 cant'd 


lidth!  n«o. 

100  CAP ( ! ) *o . 

LAMBDA-11 .80S/CENTER/4. 

IER1»0 

no  no  i • i , n 

CALI.  CPI NS!UIDTH( I) ,GAP(I) , DODD , D E VEN , H , D I EX , ZOO < I ) , ZOE (I) , ICR) 
IF(IER>110,120,105 
103  WRITE (S,9A0) 

940  FORMAT ( //  , 33M  ERROR  IN  COUPLED  STRIP  SYNTHESIS,  II  ) 

GO  TO  1 AO 
110  IIR1-IEP1M 
120  W«WtnTMM)/H 

LENGTH!  f)»I.AN8DA/ SORT!  (D0DD  + DEVEn>/2.) 

CALL  zSTRIP(2,w,DIEIO 

ZAIp»5996*AL06(4./W*SORT(16./(W*W)-»2.)) 

CAP«ZAI*/< .011803*2*2) 

LENGTH! I) •LENGTH! I ) -C F *WI DT H ! I ) / C AP 
130  CONTINUE 

CALL  MSthip(ZO,DIEI{#H,W,C,IER) 

GANr>F«BANDF«CENTER 
IF<IER-D150#135#140 
135  WRITE !3. 950) 

950  FORMAT!  //  44H  ERROR  IN  INPUT  DAT A-NEG AT  I VE  OR  ZERO  VALUES,  //  ) 

GO  TO  1<sO 
140  I ER1 ■ IER1 *1 

150  wRITE!3,960)CENTER,BAND,RlPPLi,NSECT,H,DI|K,Z0,U,BANDF 
960  F0RMAT!1M1 ,///,10X,35H  PARALLEL  COuPlEO  MICROSTRIP  FILTER, II  FT. 3, 
1 21 H GHZ  CENTER  F REOUENc V , F7 . 3 , 1 4H  GHZ  BANDWIDTH,  / F7. 3, 10H  DB  Rip 
2PLE,11X,I7,9H  SECTIONS,  / F7.3.15H  INCH  SUBSTRATE ,6X , F7. 3, 20H  D I E L 
3ECTRIC  CONSTANT,  / FS.1,35H  OHM  MICROSTRIP  INPUT  LINE  OF  WIDTH, FO. 
44, 7H  INCHES,  / F7 . 3 < 3®H  GHZ  BaNDWIOTM  DUE  TO  PRE-COMPENSaTION,  / ) 
WCONV"W*CONV 
WRITE!3. 222)20, WCONV 

222  F0RMAT!1H  , F5 . 1 , 21 H OHM  INPUT  LlNEWIDTHa,F8.4,3H  MM) 

WRITE ! 3 ,9  70) 

970  FORMAT!  / 54H  SEC  ELEMENT  WIDTH  GAP  LENGTH  ZOO  ZO 

1 E * / 54m  NUM  VALUE  INCHES  INCHES  INCHES  OHMS  OHMS,/  ) 
DO  254  !>1 , N 
J«I-1 

152  WRI TE 13.980) J, RVALUE! I > , Wl DTM < I ) , 6 AP ! I > , LENGTH ! I ) , 200 ! I > , ZOE ! I ) 

980  F0RMAT!I3,3F9.4,F8.3,2F8.2) 

WI0TH!I)»WIDTH( I )*CONV 
€AP( I ) »G A P ( I )*CONV 
LENGTH! T) ■LENGTH! I )*CONV 
254  WRITE!3,52)W1DTM(I) ,GAP<I) , LENGTH (I) 

52  ;0RMAT!1H  ,3HW  ■,F9.4,2HMM/1H  ,3H$  >,F9.4,2HMM/ 

11M  , JHL  «,F9.4,2HMM///) 

WRITE !3,982) 

9?2  FORMAT!  Ill  ,1H1  > 

IFCIERD155, 1,155 
155  WRITE !3,985) 

985  FORMAT!  H 45H  ACCURACY  OF  Mlf.ROSTRIP  SYNTHESIS  IS  IN  DOUBT,  //  ) 
160  WRITE !3, 990) 

990  FORMAT!  H 29H  DESIGN  ABORTED  DUE  TO  ERRORS,  /////  ) 

GO  TO  1 
END 

SUBROUTINE  CPLNS!W,$,PODD,DEVEN,M,D!EK,Z00,20E,!ER) 

I ER»0 
MI-1  . 

S"1 . 05 
SI*. 9 
icount«o 

Z1«ZOE»ZOO 
CPLtNG»<20E-200> / 21 
71«Z1 /2. 

10  ICOlINT*!!  OUNTTl 


Table  6 cont’d 


•f0 


! f ( IfOUMT-20)20«2O»60 

20  2-21 

I  F < $-1 . > 30,40,40 
30  2«21/(1 . -0.03125*<1 
40  CALI.  HSTR!P<Z,0!EK,H1,W,d999,I£R) 

w-w*d . ♦.oonp/<w«w>> 

CALL  lNVCPl(Sl >CPLING«W,DIEK» I E R ) 

1 F (ASS(S-SI) /S-.001 >70,70/50 
50  S-S1 

GO  TO  10 
60  IER--2-MER 
70  aIR-1 .0 

CALL  2S'<iIP(20All),U,  AU> 

TENP«20AlR*Z1 / 1 
TENP1-.05M1  .-$1*Sl/20.) 

IF(TF«P1 >80,90,90 
80  TENP1-0 
90  S*S1  *H 

T EMP2« ( 4.89*20. •«*«>/ (4. 397*20. *«*«> 
W«W*H 

r>O0n«(1  ,-CPUNG-TEmPI  >*TENP/200 

DEVFN-  <1  .♦CPLIMG-»TEMP1  >*TE«P/20E 

OOl>0«DOPn*OOf>D*TEMP2 

oevfn«dfvfn*ocvf n 

return 

END 

SUBROUTINE  INVCPL(S,CPIIN6*W»D|£K,JFR) 
TARGFT-1 ./CPL1NG-1 . 

A ■ 1 .482 
N-.18 
C-4.37 
D * 1 . 404<S8 
E-100 . 

I COUNT ■ O 

10  ICOIJNT-TCOUNT*1 

|F<ICOUNT-20)20,20,50 
20  S1-S*B*'W-1 .5) 

TE«M1*A*S1*S1 ♦C*S1^0 
TFRN2-1  .♦$/<F*W) 

TR  I AI.»T  FRM1  *TE»M2 -TARGET 
n^RlV«TFRM1/(E*W)4TERM2*<2.*A*S1>C> 
IF(ABS<TRIAL> /TARGET-. 0001 >60,60,30 
30  S-S-TR1AI /0EPIV 
TF(S-.01)40,10,10 
40  S-.01 
so  to  in 
50  IFRs-1 

60  S»S/(1 .*.0009/(S*M*W)> 

RETURN 

END 

SUBROUTINF  2STRIP(Z,W,0IEK) 

I F (w-1 .3>1 ,1 ,2 

1 TERMe(0?FK-1 > /(OIEK+1 > 

TERH«TERM*( .2258+.1208/DIEK) 
TERNbALOG(W/8.*SQRT(64./W/W*2. ) )-TERH 
Z-84.7833/SORT  < f>  I E K ♦ 1 . )*TERH 

RETURN 

2 X-2 . 

oj-3. 1415926 

3 F-X/Pl-1  ./X/Pl-2. /PI*ALOG(X)-W 
|F(ABS<F>-.0001)5,5,4 

4 x-X-F*PW(1.-1./x>**2 
GO  TO  3 

5 A-ALOG(X) 

0*1 .♦(X+1./XJ/2, 

R-PI*1 88 . 35/ D 


Table  6 cont'd 


$1«.179»<X*1 ./X)*.953 

S1*.732«(A-AL0G(S1*S0»T(S1*S1-1  • >>) 

82* . 3863-1  . /x 
3«S2*<S1-S2)/D1EK 
TERM*D1EK-(DIEK-1)*(A-S)/D 
2*9 / SORT (TEAM) 

RETURN 

END 

SUBROUT  J NE  NSECTN (SECTS « F9E8# ATTEN, R1RPLE.  IER) 
INTEGER  sects 
IER«0 
C 

C TEST  EOR  VALID  DATA 

C 

IF(ATTlN)10,10#20 
10  IER»1 
RETURN 

20  IF ( FREO) 1 0,10,30 
C 

C CHECK  FOR  FILTER  TYPE 

c 

30  IF(RIPPLF)10. 40,50 
C 

C NAX  FLAT  FILTER 

C 

40  TEHP«ALOG<10.**(ATTEN/10.)-1 . >/<2.*AL0«(FRfQ>> 
60  TO  BO 
C 

C CHEBVSHEV  FILTER 

c 

50  CONST-2. 302585 

TEMP«EXP(CONST*RIPPLE/10.)-1 • 

TEMP-SOPT (( EXP < CONST* ATTEN/1 0. > -1 ,)/T|NP> 
IFJFREO-1 .>40.70,70 
60  TEMP* ATAN( SORT <1 . / ( TENP*TfNP) -1 .>> 

TEHP*TEHP/ATAN(SQRT <1 ./( FREO* FRIG) -1  ,) > 

60  TO  80 

70  TENP»ALO«(TENP*SORT(TENP*T|NP-1 .) ) 

TFMO«TEMP/AL06<FRE0*SQRT<fREQ*FRE0-1  .)> 

80  SECT$*mX(TE«P*.999) 

c RUST  HAVE  AT  LEAST  T«0  SECTIONS 

C 

IF(5ECTS-1)90.90,100 
90  SECTS«2 
100  CONTINUE 
RETURN 
END 

SUBROUTINE  ELEMENT < GVALUE . SECT S , R I RPLE r I ER > 

C 

c 60*GVALllE<1).«1*4VALUE<2>#ETC 

C 

INTEGER  SECTS 

REAL  RIPPLE, GVALUK30) 

SINHF(X)*EXP(X)-EXP(-X) 

COSMF(X)*EXP(X)*EXP(-X) 

C 

C TEST  NUMBER  OF  SECTIONS 

C 

IF<SECT$-1>10.10,20 
10  IER*1 
RETURN 

20  PI-3.141592654 
TEMP*FLO AT (SECTS) 

N*SECTS*1 
I ER*0 


Table  6 cont'd 


c 

C TES*  FOB  MAX  FLAT  FILTER 

C 

C 

IF  (RIPPLE>10,30,50 
C 

C MAX  FLAT  FILTER 

C 

30  GVALUEd  )"1 .0 

GVALUE(SECTS*2>"1 .0 
00  40  1=1, SECTS 

*0  GVALUE(1*1  >=?.*S!N( (2*1-1 )*P1/(2.*TEHP)) 

RETURN 

C 

C CME8VSHFV  FILTER 

C 

50  TEMpi »2 . *TEMp 

TEMP2»RIPPLE/17. 37 
TEMP2«CO?MF(TEMP2)/SIMnF(T6MR2> 

TEMp2«A|.00(TEMP2)/2. 

TEM03*S INNF  < TEMP2/T6MP) 

OVA  LUE ( 1 ) «1 . 

f,VALUE(?)"4.  * S I N ( P I / TEMPT  ) / TfMP3 
TEMP1«UmP3*TEMP3/4 . 

00  00  I>3,N 

TEMP4»4. «S IN (FLOAT (2*1-5 )*P1/ TEMPI >*SIN(FL0AT(2* 1-3 >*P I /TEMPI ) 
TEMPWFMP4/  ( (TEMP3*S  IN  (FLOAT  ( 1-2)  *PI  / TFMP)**2)*6VALUE(  1-1)  ) 

*0  6VA  luE  < I )«TEMP4 

IF  ( M0o(SECTS,2)  ) 80  > 70 , 80 
70  TEMP4*C0SNF(TEMP2/2. )/SlMMF(T|MP2/2. ) 
f,VALUE(N*1  )«TEMP4*TEMP4 
RETURN 

80  GVALUE(N*1)«1  . 

RETURN 

END 

SUBROUTINE  MSTRIP(Z,K,MEI6HT,WIDTH,KEFF,t|R) 

C 

C SUBPROGRAM  NO  S259  SINGLE  MICROSTRIP  SYNTHESIS 

C 

C SUBROUTINE  CALCULATES  THE  WlOTH,U,AND  EFFECTIVE  DIELECTRIC  CON|- 

c ant,keff,of  a microstrip  line  given  the  impedance  of  the  hne,z, 
c height  above  the  groundplane,h, (dielectric  thickness)  and  the 

C DIELECTRIC  CONSTANT,^  ERROR  CODE : 0*MO  ERROR , 1 "ERROR  IN  INPUT 

C DIMENSIONS  (0  OR  NEGATIVE), 2"  SOLUTION  NOT  FOUND  IN  10  ITERATIONS 

REAL  22(2) » KK ( 2 ) ,KEFF,Kl ,R,K 
IF  ( HE IGHT) 1 0 # 20 , 20 
10  IER»1 
RETURN 

20  I F ( K-1 .0)10,30,30 

30  IF (Z-5.3/SQRT (K) )10, 40,40 

40  I ER*0 

PI-3.141592653 
A9"0 . 001 
HbHFIGHT 
N"0 

H1"PI/376.7*2*SQRT(K*K*2.) 

M1"H1*(<-1.)/(k*1.)*(.?258*.120#/X) 

H2"FXP(H1 ) 

W" 1 ./(HZ/8.-.25/H2) 

21"59.9A*AL0G(4./H*S0RT(16./W/U*2.)) 

KFFF«(21/Z)**2 
I F ( V) 70 . 70 , 50 
50  IF(W-1 .3)60,70,70 
60  WIDTH*W*H 
RETURN 

70  A«83 . / 2/ SORT { K) 


Table  6 conoi  d 


A«2.5*<A**,4) 

80  DO  90  1*1 ,2 
A»A*a9 

x*exp<a> 

D«1 .*<X*1 „/X>/2. 

R1«PI«1A8. 35/0 
$1*.179*<X*1 ,/X>*.953 
$1 ■. 732* <A-Al06<Sl ♦SORT <Sl *Sl -1  .)>> 
$2*. 3836-1 ./X 
S«S2*<$1-S2)/X 
XX  < I ) *K- ( X-1 . )*(A-S) /D 
90  ZZ<I>«R1/S0RT(KX<I>> 

Z8»ZZ  <1)/2,+ZZ<2>/2. 

!F<ABS<Z«-Z>-. 001 *2)130. 130,100 
100  N«N*1 

IF(N-10)120,120,110 

no  ifr«2 

60  TO  130 

120  A«A-A9*?*A9/(ZZ(2)-ZZ(1))*(2-Z8> 

GO  TO  80 

130  W I DT  H »1 /PI*(X-1 ./X-2.*A*A9)*H 
XtFF-KKM  ) /2  . *KK(2)  /2. 

RETURN 

FNO 

FINISH 


Table  7 


3</ 


Computer  Table  7 


Listing  of  computer  program  STUB 


M K*  5i’JD 

1 DI.4  A(263,B(263,G(263,.J(263,.<<  263, if  263,  «J<  263 

2 Fnl  Ml‘,,lJAMDi3A55  KILfBuS*  U JA.-tr-.hWA VK  5 TUBS  *.  C-IMM^CTI  MG  MM5S" 

* r’iil  M 35  JF  SCCTI  JMS.  U 3IM53  AMD  FhAO  V t 3MA>.  BAMnMnrH" 

7 IMFJi-  M,  i.U 

■3  <1(03  = ' 

3 v>8.VH3 
10  r>l  = J.  141  6 

12  G( 0 3 = 1 

1 A r>nl  Mi* "KMi’Fit  1 Flit  rOMEBf  SC'IEFFS  0 F lit  BUT  TFitW IhrM" 

1 5 1 >12  Jt-  n 

16  IF  H = 1 i*MEM  1 ) 

1 7 (jjJJU  1J0  0 

1 5 G3T3  20 

13  G 35  Ji3  MOO 

2 0 riii  <=  0 i'  J ( MM  3 

2 1 2uI\JiMC(":  (}")s''iR(  <3 
2 2 Tr.A  f < 

2 3 2iil  M 1’ 

A 1 2.;I  Ml’"5J  JitC5?  AMD  L 3AD  I MPEDA MO-:=”:  5 " 1HM3" 

A 2 rV.I  Mf 

5 00  r2=(21  /23M  l-'.v/23 

5 10  Cl =2*GC 1 > 

5 20  J<  13=5U;t(Cl  /GC233 
5 JO  4<l)s4Cfl)/JCi) 

5 A0  C2=(CC1 *5IM< f23.) /(2*CJS< 1*23  3 3 »2 
5^0  i<(  1 3 =»5  Jn<  ( .J(  1 3 t 2)  + C23 
d 60  i(l)si(l))/C«l)-J(in 

3 65  IF  ,M  = 2 f KEM  655 

5 70  ,J(  M-l  3 =5'Jit(  (Cl  kGC  MM  3 3 /G<  M-l  3 3 
5 75  IF  M = 3 i rlFC  M 6J0 
5 50  KJ.i  5=2  r 3 (M-23 

5 3 3 -K  <3  =C1  /5Uit(GC43  M?(-(M)3 

6 00  .<<  <3  = '<  0 3 /,J(  <) 

610  y.C  (3=5  Jrf<  <.J(E3  t234-C23 
6 20  <<rO=.£(0  3/(M<<-13+M<  <3-,J<  <-l  3-.JC  <3  3 
6 23  ME.<  f < 

6 30  .<<M-1  3 = <<0  3 /.J(M-l) 

6 A0  .<(  M-l  3 = 5Ji;(  (J(  M-  1 3 »23*C23 

6 50  'A  M-l  3 = :<0  3 /<M<  M-23+MCM-1  )-J<  M-23-.JCM-13  3 
655  S(M)«M(13 
6 60  F Jii  <a  1 r i (M-l  3 
6 70  r»hl  M r‘’.<(  '*»  <J "3»"J  X<  <3 

6 50  mv:,<  r < 

6 30  Flit  •<»  1 f J M 


Table  7 cont’d 


7 0 0 r’ul  £(  <7 

v i a i’  < 

7 20  r*nl  \J  f "X  C17.XC27  XC07  JF  LIVESC  WMS'” 

7 JO  r»ivl  xIi'MC  1 7 , XC27 <<0  7 OF  S rJBSC  TrM:>7  ” 

7/40  FuIWIi  AV0i*4Eii  DESIGN  nEQDfEtf  TKh  1 KOh  fES  • 0 F13  VI” 
7 SO  I TJr*  J i lO 
7 60  IF  f 3*  1 IJEO  6 
7 70  G j 1'  j ))  J) 

1 0 0 0 r'nlW'E'JiEn  ;il tVLE  VAL  J-'f  DR7  " 

1005  I OFMf  n 

1 00  7 F.il  *iMMVMK13/5C-fKFK  ELEMENTAL  C/AVJES" 

10  10  XI  »n/ 17.. 17 

1 0 1b  0 = L JGC  CEt.<l*E*  C-Xl  7 7 /<E»  Xl-E*  C-  <1  7 7 7 
1 0 20  i'  = /;/C2M7 
1 0 21  \)  = A//\ 

l 0 25  U=(EW-K»<-n>/2 
1 0 30  KJn  <= 1 f 00 

l 0 35  AC  <7  =il  0C  C C2M-  1 7 *.->1  7 /CS*  ^ 7 
1 0 /1 0 Lit  <7  = C J »27  + C (51  >JC  C <*F1  7 />J7  7 *27 
1 OAb  \JEX  1‘  < 

10  50  GC 1 7a2*AC 1 7/U 
1 0 33  K Jii  0 0 

1 o 60  GC  O = (/4fc.A(  C-l  7 KACX7  7 /C  iK  <-  1 7 *GC  <-  1 7 7 

1 0 6b  MEX f < 

10  6,6  IF(C  >l/a7-rJf(M/S77>0.A  f4EM  1067 
1 0 67  G(  >1+  1 7=C  CE»  >/+Et  C-V77/<E»  \7- E*  <- V7  7 7 »2 
10  63  U J f J 10  70 
1 067  GC 0+ 1 7=1 
1 0 7 0 r.E  i J.iO 

1 300  Fi-.l  'ir’ViJr  rErtW'OilTK  ELE-IEMTAE  VA!„  JE3" 

1 30 1 GC  0+ 1 7 = 1 
1 30  d F Jn  <=  l i'  O O 

1 310  GC  <7=R*SIMCCC2><-!7*F17/C2M77 
1315  0E<i’  < 

1 320  nKlMn'i 
3 77  7 EOiJ 


Reproduced  from 
be»l  ivifabh  copy. 


Appendix  A 


Appertdix.A 


Example  of  the  uaa  of  computer  program  MICR  (tee  section  2.1) 

A table  is  required  giving  Zq  and  velocity  ratio  for  given  microstrip  ilnewidths. 
The  arbitrate  material  is  to  be  alumina  with  an  effective  dielectric  constant  of  9.6  and 
thickness  0.635  mm.  Results  Me  required  for  Ilnewidths  of  0.05  mm  to  1.5  mm  with 
0.05  mm  increments. 

DJ  PART  1 
C PKJG:  MICiO 


EMTSh  DI ELECTRIC  COUSTAMT 

- 0.6 

E MTEfi  SUBSTRA f E fHI  C <MESS(  AA'i 

- 0.635 

E M i'E:i  LOKESfCL). INCREMENT (I)  A HI  GHESTCHI  VALUES  3F  VJI  DT!IC 
L = 

- 0.05 
I = 

► 0.05 
H = 

- 1.5 


( A'A  ) 

v;<  ruuu) 

ii’JC  QilHS) 

L<G)/LC0T 

.0  50 

1 .969 

115.926 

.4153 

.100 

3.937 

97.714 

.4122 

.150 

5.906 

36.939 

.4102 

.200 

7 . 3 74 

79.337 

.4037 

.250 

9.343 

73.395 

.40  76 

.300 

11.311 

68.552 

.40  67 

.350 

13.730 

64.430 

.40  59 

./|00 

1 5 . 743 

60.930 

.4045 

.450 

17.717 

57.921 

.4020 

.500 

1 9 . 63  5 

55.214 

.3997 

.550 

21.654 

52.793 

.3977 

. 60  0 

23.622' 

50.610 

.39  59 

.650 

25.591 

43 . 623 

.3942 

.700 

27.559 

46.816 

.3927 

.750 

29.528 

45.152 

.3913 

.300 

31.496 

43.617 

.3399 

*350 

33.465 

42.195 

.3887 

.900 

35.433 

40.373 

.3875 

.950 

37.40  2 

39 . 639 

.3864 

1.000 

39.370 

33.485 

.3853 

1.0  50 

41.339 

37.403 

• 3843 

1.100 

43.307 

36.385 

• 3833 

1.150 

45.276 

35.426 

.3824 

1.200 

47.244 

34.521 

.3316 

1.250 

49*213 

33*664 

.3807 

1.300 

51*181 

32.851 

.3799 

1.350 

53.150 

32.080 

.3792 

1.400 

55*118 

31.347 

.3784 

1.450 

57.087 

30.649 

.3777 

1.500 

59.0  55 

29.933 

.3770 

Appendix. B 


Appendix  B 


Example  of  the  use  of  computer  program  STR2  (see  section  2.2) 


A table  is  required  giving  Zq  for  a range  of  stripline  inner  conductor  widths.  The 
stripline  is  to  be  made  on  Rexolite  1422  printed  circuit  board.  The  dielectric  constant  of 
the  board  is  2.53  and  the  thickness  of  a single  board  is  1.5875  mm,  thus  the  ground  plane 
separation  for  stripline  is  3.175  mm.  The  copper  conductor  layer  is  0.03556  mm  thick, 
and  values  of  Zq  are  required  for  linewidths  of  between  0.2  mm  and  2.5  mm  with 
increments  of  0.1  mm. 

DO  r'A  :-.r  1 
C o f ;i2  ) 

K MTSh  m KLKC  IV.I  C C JMiiTATr 

- 2. 53 

2 >JTSi;  C J.'JDUCf  Jn  r-n  e CJF.SJC  -JM) 

- 0.03556 

EMTKrt  C-i-.JOOD  r>LA*9E  SKr*AitATI  3MCMM) 

- 3.17b 

LO’-v-iTfL),  IMCaEMEMTU  ),HIG'!ESrCH)  VALUES  OF  IvIDTtfCMM) 

i_  - 
-0.2 
I ■ = 

- 0.1 

i - 

- 2.5 


veloci  nr 

AAi’I  )= 

. 629 

w C 4M ) 

*C  fHJLD 

W/CB-f ) 

< JWMS 

.200 

7. 

3 74 

.0  64 

129.721 

.300 

1 1 . 

311 

.096 

1 1 6.943 

. A 0 0 

1 5. 

743 

.127 

107.530 

.500 

19. 

63  5 

. 1 59 

100.043 

. 60  0 

23. 

622 

. 191 

93.334 

.70  0 

27. 

559 

.223 

33.515 

.300 

31  . 

49  6 

.255 

33.365 

.900 

35. 

433 

.237 

79.732 

1.000 

39. 

370 

.319 

76.013 

1.100 

A3. 

307 

.350 

72.724 

1.200 

47. 

244 

.332 

69.935 

1.300 

51  . 

131 

.414 

67.445 

1 .40  0 

55. 

113 

.44  6 

65.033 

1.500 

59. 

055 

. 4 73 

62.331 

1.60  0 

62. 

99  2 

.510 

60.323 

1.700 

66. 

9 29 

.541 

53.395 

1.300 

70  . 

366 

.573 

y7.  036 

1 .90  0 

74. 

303 

. 60  5 

55.334 

2.000 

73. 

740 

.637 

53.731 

2.100 

32. 

677 

.669 

52.269 

2.200 

36. 

614 

.701 

50.339 

2.300 

90. 

551 

.733 

49.435 

2.400 

94. 

433 

.764 

43.201 

2i  50 0 

93. 

425 

.796 

46.933 

3 i 


Appendix. C Appendix  C 

Example  of  the  use  of  computer  program  PLOTBP  (see  section  3.1) 


A bandpass  filter  with  a Butterworth  maximally  flat  response  it  required  for  use 
at  L-band.  The  centre  frequency  is  to  be  1.55  GHz,  and  a 3dB  bandwidth  of  8%  (fractional 
bandwidth  0.08)  is  required.  A rejection  of  at  least  12  dB  is  essential  at  1.4  GHz.  The 
filters  are  to  be  made  in  stripline  form  on  Rexolite  2200  where  the  approximate  unloaded 
Q of  the  resonators  is  320. 

(i)  How  many  sections  are  required  to  meet  the  specification? 

(ii)  Plot  the  theoretical  frequency-transducer  gain  response  for  such  a filter 
between  1 GHz  and  2 GHz  with  0.05GHz  increments  in  frequency. 

(iii)  Obtain  an  estimate  of  the  increase  in  mid-band  loss,  due  to  dissipation, 
which  would  be  expected  for  such  a filter. 


!■  I’V 

hUiv  H'-Oll' i'U.vu 

I'AX-l.-l- AbS  MLU-nS  ..lit!  I Cn  H-  Y SCHt  H*  L«h  J U Vi  JrhVvi.it  I ri  ni-  b 1 b 

E V i 1 h I'LL  rl'El.v  J‘  .v  C 1 r i 1 »v  r.L 
¥ \’7E  h 1 i 0 b i V Clr  i l A i\  i.  h L G t Si  0 r uh 

CF.tvIr.P  Eh  Hu  *.  HE  A.C1  J tllvAL  L A.\1A  1 Lin 

- 0 

r-  ;\  i ¥ h C E 1-.  1 > E b iv  J- 1.  * t i.AC'l  1 U.vP L i (. .\ i v.  I i i n 

- 1 • b b H 'v * (;  • I,'  c 

rl-  . lArr.fr  + lU  ri-=  . 1 i. ■ i i.  1:  + 1 0 

• A ,i  .•  1 J 1 H = b 5s  r ( 0 ) :;  • Ibbk  + ll' 

t-’.VTI'  b r-.FOr  -K.G.i  ) ■ HfvEL  WHJrJ.  TbIS  i.fcUJ. 

- J5-,  1.AF9 

EMfl.  1 HjF  1 C.li r r i ' v • ■ .•  HUE  l-UllL  • 

- 0 

II  A.vSl  ib.Ab  u-  A 1 . 1'tE  + lt  :■/ 

lb  r-L."!  ! : f.  t ? t'MFh  1 EOF  YES:  0 f tiE  iv» 

- 1 

E MFF-  i >F  i i r/.l  'il  *K  H.ACl  I U»vAL  u E \ L * i I-  1 n 

- ‘c  i ( 1 . (j  r 

Y ~('j.  I : E iPh  I i'A/G  1 1\  C HOE.  Ht-Hu 

- 1 V v t'  E : > I;  • !■  f T-  v 

- A/,  i b S E v "i  E / ■ < ■ 1 1 Jr  »\<UA  1 I i-'.Ni  ( ! i ? 

- zk; 


FHt.L  GAIN 


lh*.\IS/  l.'J-r.  (iAlA(l'L) 

-t>  -16 


App«ndix.C  cont’d 


• ££.+  1 (I 

34.7376 
. lv5F  + l(i 

32.6  1M 
. 1 y h + 1 o 

3 (■  * 2 3 6 9 » + 

. 1 h 5e.  + 1 V 

2 7 .5095  ..  + 

. lrSE+10 

24.3069'  • + 

. 175F+ 10 

g ft . /:  1 a 9 . + 

• 17F.+  1 (I 

1 5 • 4797  . + 

. 165E+1 0 

b. 5 92 41  . + 

, 16E  + 1C 

1.5? 5 01  .+ 

. 1 551-  + 1 0 

0 + 

.150  + 10 

1 • 5g  5gb  .+ 

. 1 45E.+  1 U 

b.K92fc!l  . + 

. 1 4E+ 1 0 

15.45  . + 

•135 F +10 

20.4191  . + 

. 1 3E+1 U 

24.3071  . + 

. 125F+1 0 

£7 . 5096  . + 

• 1 2 F + 1 0 

20.237*  + 

.11SF+10 

32 . 6 1 b2 
. 1 1 V + 1 0 

34.7377 
. 1 0 5E+ t 0 

3*. 6 54 

. 1 F+ 1 0 

3b .40 94  « 

IS  AF-PROX  0 OF  EFSlMATOhS  KNOW  tv? 

ENTER  1 FOP  YE Si  0 F Oh  NO 

- 1 

ENTER  AfPPOX  VALUE  OF  UNLQALED  fa,  OF  RESONATORS 

-32  0 

rtl  LRANL  LOSS  1 NCR F ASF  L»UF  TO  DISSIPATION-  .47953V  LL  ARm.oa 
IS  ANOTHER  PLOT  RfcGiD?  FNTB.R  1 FOR  YE:Sl  0 Fuh  NO 
- 0 


F 1NISHFL 


Appendix. D 


Appendix  D 


Example  of  the  use  of  computer  program  BPLE  (see  section  3.3) 


Design  a three-section  band  paw  filter  with  a centre  frequency  of  1 GHz  and  a 
bandwidth  of  20%.  A Tchebytcheff  response  if  roquired  with  O.ldB  ripple  in  the  pese- 
barvd.  The  source  and  load  impedances  ere  to  be  GO  ohm. 


RUN 

RUN  PROCEEDING 

lumpfd-element  band-pass  FILTERS 
DO  NOT  USE  EVEN  NOS  DF  SECTIONS 
FOR  TCHFBYSCHEFF  RESPONSE 
ENTER  NOS  OF  SECTIONS# Z<OHMS>» CENTRE 
AND  FRACTIONAL  BANDWIDTH 


FREQ ( HZ  > # 


- 3#  50  # 1 E9#  0 »? 

FNTER  1 FOR  TCHEBYSCHEFF  J 
► 1 

FNTER  RIPPLE  VALUE  < DB  ) 


0 FOR  BUTTERWORTH 


- 0*1 

TCHEBYSCHEFF  ELEMENTAL  VALUES 

G<  0 )=  1 

G < I )=  1.0  2158 

G<  ? >=  I • 1 474 

G<  3 )*  1.03157 

G<  4 )=  I 


SOURCE  AND  LOAD  IMPEDANCE*  50  OHMS 
C < 1 .I64181F-10  F L<  1 

C<  2 >=  * 554836F - 1 2 F L<  2 >' 

C < 3 > = . 164179F-10  F L<  3 > = 

C ( I >L< 1 )IC<3)L<3>..»» PARALLEL  TUNFD 
C<2)LfP>JC<4)L(4>...  . S FRIES  TIJNFD 


. 1 54282E-8  H 
•456534E-7  H 
. | 54PPAF-P  H 


FOP  DUAL 

CC  1 >=  *6171 ?9E - 1 2 F L<  1 >=  .4I0452E-7  H 

C(  2 )=  .I82614E-I0  F L<  2 >*  .138709E-H  H 

C(  3 >=  .6I7135E-IP  F L<  3 >*  .410448E-7  H 

C(  1 )L< 1 )IC<  3>LC  3 > * • • « SERIES  TUNED 
C<?)L<2)lC<4)LC4)..» .PARALLEL  TUNED 

IS  another  design  reqd? 

ENTER  I FOR  YFSJ  0 FOR  NO 
- 0 


FINI SHED 


Appendix  E 


Appendix. E 


Exempt*  of  the  um  of  oomputer  program  BECFI  (see  section  3.4) 


A fh/a- taction  bandpttt  fitter  li  required  with  a centra  fraquancy  of  0.86  GHz 
and  a 23.6%  bandwidth.  A Tch*byieh#ff  raaponta  with  0,6dB  rippl*  if  raquirad.  Find 
tha  win-  and  odd-moda  impadancat  If  th#  lourc*  and  toad  impadancet  are  60  ohm. 

Th#  layout  of  tha  filter  It  mown  In  Fig, 7a. 


- RUN 

RUN  PROCEEDING 

EDGE-COUPLED  BAND-PASS  FILTERS 

ENTER  NOS  OF  SECTIONS# ZC GHMS > AND  FRACTIONAL  BANDWIDTH 

- 5#  SO#  0*235 

ENTER  1 FOR  TCHEBYSCHEFF l 0 FOR  BUTTERVDRTH 

- 1 

ENTER  RIPPLE  VALUE! DB > 

- 0.5 

TCHEBYSCHEFF  ELEMENTAL  VALUES 

G<  0 )■  1 

G<  1 >■  1.70502 

G<  2 >■  1.22961 

GC  3 >«  2.54088 

Q(  4 >-  1.22961 

G<  5 >■  1.7050 

G<  6 ) ■ 1 

SOURCE  AND  LOAD  IMPEDANCE-  50  OHMS 


ZOE(OHMS) 

ZOO(OHMS) 

C 

CFCDB7 

84.0794 

37.5606 

.38243 

-8.34898 

SC 

0 

A 

1 

) 

65*9923 

40.5041 

.239333 

-12.42 

S< 

1 

/ 

2 

) 

62.6227 

41  .7307 

.200112 

-13-9746 

SC 

2 

# 

3 

> 

62.6227 

41  .7387 

.200112 

-13.9746 

SC 

3 

» 

4 

) 

65.9924 

40.5041 

.239335 

-12.4199 

SC 

4 

» 

5 

) 

04.0796 

37.5606 

.382431 

-8.34895 

SC 

5 

$ 

6 

) 

IS  ANOTHER 

DESIGN  REQD  7 

ENTER  1 FOR 

YESt  0 FOR  NO 

- 0 


FINISHED 


Appendix. F 


Appendix  F 


Example  of  the  use  of  computer  program  BDPS  (tee  tection  3.4.1) 


In  order  to  use  this  program  the  following  data  is  required. 

Zq  The  impedance  level  in  ohm. 

D I E K The  substrate  dielectr  ic  constant 

H The  substrate  thickness  in  mm 

BAND  The  filter  bandwidth  in  GHz  (if  negative  a correction  factor  it 

applied  for  bandwidth  shrinkage) 

CENTER  Filter  centre  frequency  in  GHz 

RIPPLE  Tchebyscheff  ripple  value  in  dB;  if  zero  a Butterworth 

maximally  flat  response  is  assumed 

SECTN  The  number  of  sections  or  zero  if  it  is  required  that  the 

number  of  sections  be  computed  from  the  next  <ic’a 

FREQ  Frequency  in  GHz  outside  of  the  pass-band  where  a specified 

rejection  is  required  or  zero  if  SECTN  is  known 

ATTEN  The  rejection  in  dB  at  FREQ  above  or  zero  if  SECTN  it  known 

The  data  is  fed  mto  the  computer  using  the  NAMELIST  format  as  shown  in  the  examp'e 
below. 

EXAMPLE:  A filter  is  required  with  a centre  frequency  of  5.75  GHz  and  a bandwidth  of 
675  MHz.  A Tchebyscheff  response  is  required  with  a O.ldB  ripple.  At  7.0  GHz  a rejection 
of  at  least  30  dB  is  required.  The  input  and  output  impedances  are  to  be  50  ohms.  What 
are  the  physical  dimensions  of  such  a filter  made  on  alumina  of  0.635mm  thickness  and  of 
dielectric  constant  9.6? 

Data:- 


VtCOHST 

TzO»50.0zDlEK»9.*#H»0.635#MMD»0.575»CillTeg»5.75 

T4D0HST 

T-*!PPLE«0,1  fSECT4*0.0,F«€9-7.0,ATTElle30.0 
V4END 


V indicates  a space 


Appendix. F cont'd 


+3 


Computer  outout:  — 


PARALLEL  COUPLED  MICROSTRIP  FILTER 

5.750  «HZ  CENTER  FREQUENCY  0.575  6KZ  BANDWIDTH 
0.100  0B  RIPPLE  3 SECTIONS 

0.025  INCH  SUBSTRATE  9.600  DIELECTRIC  CONSTANT 

50.0  OHN  MICRASTRIP  INPUT  LINE  OF  WIDTH  0.0249  INCHES 
0.575  6HZ  BANDWIDTH  DUE  TO  PRE-COMPENSAT ION 


50.0  OHM  INPUT  LINEWIDTN"  0.6323  MM 


SEC 

CLENENT  WtifTH 

CAP 

LENBTH 

ZOO 

ZOE 

NUN 

VALUE  INCHES 

INCHES 

INCHES 

OHMS 

OHMS 

0 

1.0000  0.0177 

0.0065 

0.202 

38.10 

77.12 

U ■ 

0.4492MN 

S • 

0. 1650mm 

L • 

5.1345NN 

1 

1.0316  0.0238  0.0230 

0.197 

43.82 

58.26 

V ■ 

0.6037MM 

s ■ 

0.5854mm 

L • 

5 . 0025mm 

2 

1.1474  0.0238 

0.0230 

0.197 

43.82 

58.26 

W • 

0.6037MN 

s » 

0.5854MM 

l • 

5.0025MM 

3 

1.0316  0.0177 

0.0065 

0.202 

38.10 

77.12 

N ■ 

0.449?MM 

S * 

0.165. MM 

l • 

5.1345MM 

The  layout  of  this  filter  it  ehown  in  Fig, 7a. 


App«ndix.G 


Apoendix  G 


Example  of  tha  uta  of  computer  program  STUB  (tea  aaction  3.E) 


Design  a bandpass  filter  with  a TchabyscheH  response  and  a O.OIdB  ripple.  The 
centre  frequency  is  to  be  5 GHi  with  e 60%  bandwidth.  The  source  and  load  impedances 
are  to  be  50  ohm. 


- RUN 

RUN  PROCEEDING 

BANDPASS  FILTERS:  QUARTERWAVE  STUBS  A CONNECTING  LINES 
ENTER  NOS  OF  SECT IONS* Z (OHMS > AND  FRACTIONAL  BANDWIDTH 

- s*sn#o.5 

ENTER  1 FOR  TCHEPYSCHEFF t 0 FOR  BUTTERWORTH 
► 1 

ENTFR  RIPPLE  VALUECDP  J 

- 0.01 

TCHEPYSCHEFF  ELEMENTAL  VALUES 


GC 

0 

) = 

l 

GC 

1 

) = 

.75634 

GC 

2 

) = 

1 . 30492 

GC 

3 

) = 

1 .57731 

GC 

4 

) = 

1 .30  492 

GC 

5 

) = 

.756326 

GC 

6 

) = 

1 

SOURCE  AND  LOAD  IMPEDANCE*  50  OHMS 

XC  1 )=  46.4397 
XC  2 >=  47.4214 
XC  3 )=  47.4213 
X<  A )=  46.4396 
Z<  1 >=  47.9339 
ZC  2 >=  23 « 8 406 
Z<  3 »=  23.7156 
Z<  4 )=  23*8406 
ZC  5 >=  47.9339 


XC 1 >*  XC2  > ZC0)  OF  CONNECTING  LINES<OHMS> 

ZC  I >.  Z C 2 ) ZC0)  OF  STUBS(OHMS) 


IS  ANOTHER  DESIGN  REOD7FNTER  1 FOR  YES*  0 FOR  NO 
- 0 


FINISHED 


Conducting  strip 


Dielectric  material 


Conducting 
ground  plane 


Fig.  I Microstrip  structure 


Conducting  ground  plane 
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Conducting  strip 


Dielectric 

material 


Conducting  ground  plane 


Fig  2 Stripline  structure 


Fig.6  Layout  of  lumped  element  filter  and  its  dual 


Sn,n+ 1 


WQ  width  of  input  and  output  lines 

S.  , S,  _ number  of  coupled  section 

W2  widths  of  coupled  lines 

S|t  S2f  gaps  between  coupled  lines 

Lp  L2,  lengths  of  coupled  sections 

Fig. 7o  Layout  of  parallel- coupled  resonator  filter 


Tit  74rtfiA 


Fig.8  Nomogram  giving  W/b  a,  a function  of  ZQe  and  ZQ0  in  coupled  strip  line 


ooa  oom  J§ 


Fig. 9 


*»4  * CMA*AC»C*«STlC  IMMOANCI  Of  ONI 

STRIP  to  GROUND  WITH  (QUA l CURRENTS 
IN  SAMI  D'AfCt  ION 


Zqq  * CHARACTERISTIC  IMPEDANCE  Of  ONI 

ST  HIP  TO  MOUND  WITH  (QtJAl  CURRENTS 
IN  OPPORiTk  OiRECTlON 


RELATIVE  OK.CCTRlC  CONSTANT  Of 
MEOiuM  FlUiNG  The  CROSS  SECTION 


Fig. 9 Nomogram  giving  S/b  as  a function  of  ZM  and  ZQO  in  coupled  strip  line 
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characteristic  impedance  of  input  and  output 
lines 

characteristic  impedances  of  stubs 
characteristic  impedances  of  connecting  lines 


Fig.  10  Two  pos$!ble  layouts  for  stub  filter 


Best  Available  Copy 


Fig.14&15 


Fij.14  C-band  filter  D 


| 3cm 


Fifl.15  L-band  filter  E 


TR  7406*  C 11 300 
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Fig.18 


X-band  filtar  H 


TR  74068  C 1 1302 


*j}|dM*«  VOS 


Variation  of  unloaded  Q with  frequency 


Frequency  (CHr) 
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Fig. 22  Frequency  response  of  filter 


Frequency  response  of  filter 


Fig. 25 
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Fig.25  Frequency  response  of  filter 
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ig.  30  Frequency  response  of  filter 
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Frequency  response  of  filter 


P'-eiJuenc),  ($Hz) 


response  of  filter  I over 


